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SUMMARY
This thesis describes a method enabling a prospecrive differential
diagnosis to be made berween delayed puberty (DP) and hypogona-
dotropic hypogonadism (HH). The influence of androgen admini-
stration on the gonadal feedback sysrem of patients with delayed
puberty was also studied.
Chapter 1 is a review of the physiology of sex hormones and
gonadotropins in males. The different factors and mechanisms which
influence the secretion of gonadotropins are discussed briefly. Atten-
tion is paid to the new insights into the operarion of the feedback
system obtained by derermination of peripheral endogenous LH-RH
levels. A high endogenous LH-RH concentrarion is nor always ac-
companied by high serum LH levels; a relatively high estrogen con-
centration in the plasma results in an increased endogenous LH-RH
secretion together with a low peripheral LH level. LH is present in
two funccional pools, viz. one where LH is released rapidly by a
small stimulus and one which secretes LH by means of protein syn-
thesis after a greater andlor prolonged LH-RH stimulation. The
pat tern of  FSH re lease is  nor  suggest ive of  a two pools '  s) 's tem.
Chapter 2 describes the development of the gonadal feedback
system. Untii the adult phase 4 periods are distinguished, viz. the
fetal period, postnatal period, prepuberty and puberty. Recent stu-
dies show that prior to puberty, notably in the fetal period and
shortly after birth, there is temporarily already a considerable gona-
dotropic stimulation in comparison with the low gonadotropic sti-
mulation later found during prepuberty. The changes in the gonadal
feedback system occurring at the start of and during puberty are
described. Because of the elevation of the feedback setpoint a higher
LH-RH secretion by the hypothalamus takes place, successively
followed by a higher gonadotropin secretion and a higher testoste-
rone secretion. Moreover a pulsating gonadotropin secretion appears
(especially of LH), f irstly only at night, and at the end of puberty
a positive LH feedback develops. Mention is made of the recent
indications of a possible role of the augmented androgen secretion
by the adrenal gland (adrenarche) that could promote an elevation
of the feedback setpoint through accelerated maturation of the hypo-
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thrlamus. Longitudinal studies reveal that male puberty is delayed
i'" ' l-ren it has not yet started after the 14th year. By agreemenr a case
is considered typical of delayed puberty only after the 15th year.
The distinction between delayed puberty and isolated hypogonado-
tropic hypogonadism is often impossible even with stimulation tests
carried out by means oi LH-RI{, HCG and clomiphene. Lirerature
data on these stimularion tests are discussed.
Chapter 3 discusses patients and methods. The 33 patients exa-
mined, in whom no deficiency of other pituitary hormones could be
demonstrated, were divided into 4 groups. The hypogonadotropic
hypogonadism group (HH) consisted of Z individuals. The group
with delayed puberty (DP) consisted of 1O individuals. The diagno-
sis was made retrospectively in each case. Of the remaining 16 pa-
tients 14 had a delay in skeletal age. In 7 of them (group C) testo-
sterone was between 68-260 ng/l00 ml i.e. between prepubertal
and adult range. In 9 patients (group D) the plasmatestosterone level
was h igher  than 260 ng/100 ml  i .e .  in  the adul t  range.  Two pat ients
of group D had no delay in skeletal age.
Stimulation with LH-RH was implemented by intravenous bolus
in ject ion of  lOO,rrg of  LH-RH and by in fus ion of  200,r rg of  LH-RH
for 4 hours. HCG stin.rulation (Pregnylrt) took place by an intra-
nruscular injection of 5000 Ulday during 4 days. An LH-RH-clo-
miphene-LH-RH test was set up: after the first LH-RH injection
clonr iphene c i t rate (Clomidr t )  was star ted in  a dose of  200 mglday
durir-rg Z dal's; in the morning of the 8th day the LH-RH injection
test  \ \ 'as repeated.
Determin:rtion of FSH. LH and testosterone and statistical ana-
lys is  are descr ibed.
Chapter .1 gives results and conclusions obtained with the stimu-
lation tests. LH-RH injectior.r does not result in a different gonado-
tropin response in DP and HH. High and low responses are found
in both groups. The rise of LH and FSH after LH-RH in the DP
group is independent of skeletal age.
Infusion of LH-RH gives a difference between the HH and DP
groups as regards the maximum LH serum level attained during the
infusior.r, there being also a difference in LH level between both
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groups can not  be used in the indiv idual  case as a prospect ive d i f fe-
rential diagnostic due to the existing overlap. The comparison of
the LH level after 240 minutes with the level ;rfter 30 n.rir.rutes or
wi th the mean value of  the levels af ter  15,30 and 60 minutes does
har-e differential diagnostic value. In the DP group the LH level is
higher afrcr 240 minutes in both instances. In the HH group it is
lower. HH and DP groups differ in their abil ity to release LH fron-r
the synthesis related pool. This might be explained b1' different con-
ditions in the fetal and postnatal periods: the then norn-rally occur-
r ing increased endogenous LH-RH st imulat ion of  the p i tu i tary
would be present in the DP group, but not or to a lesser degree in
the HH group.
Afrer stimulation with HCG the testosterone response in the DP
group is greater than in the HH group. But this difference, l ike the
previously mentioned maximum LFl response during infusion, can-
not be used in individual differential diagnosis either. The higher
rise of testosterone seen after HCG in the DP group is also explained
by the prior difference in gonadotropic stimulation that occurs se-
condarily to the previously mentioned difference in endogenous LH-
RH stimulation. This coincides with the known fact that HH pa-
tients who have been submitted to prolonged HCG treatment con-
tinue to demonstrate a good reaction to a short HCG stimulation
after discontinuation of the treatment and subsequent Iow testoste-
rone level. The positive shortloop influence of androgens or-r the
induction of LH receptors in the Leydig cell during the postnatal
d i f ferent ia t ion descr ibed recent ly  in  rats ,  is  an argument  i t r  suPport
of the above.
An unchanged level or fall of testosterone 4 hours after LH-RH
injection does not f it in with a diagnosis of delayed puberty.
On comparison of the gonadotropin resporlse to the LH-RH in-
jection prior to and after clomiphene there is a difference between
the HH and DP groups. The LH response to LH-RH in the HFI
group after clomiphene is greater than before. In the DP group the
LH response to LH-RH after clomiphene is less than before. Thus
this test appears to offer a prospective differential diagnostic be-
tween DP and HH. Its speculative explanation is based on the suP-
position that both in the HH group and in the DP group LH secre-
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It i tn is inhibited at the pituitary ievel by the intrinsic estrogen ac-
tivitv of the antiestrogenous clomiphene, that is prominent in this
enr-ironment poor in sex hormones, while at the hypothalamic level
LH-RH is inhibited in the DP group and not in the HH group: the
consequence is a difference in LH amount releasable by exogenous
LH-RH.
In chapter 5 the effect of the adn-rinistration of testosterone as a
monthly injection of Sustanon 25Ort administered to the DP group
during 6 months is discussed. Besides the expected direct effect on
the development of secondary sex characteristics and growth the
fo l iow-up examinat ions,  made 101/z months la ter  on the average,
reveal that in all patients some pubertal maturation has taken place
in the hvpothalamic-pituitary-gonadal axis: the mean basal plas-
maresrosrerone level rose from 43 ngl1,00 ml to 288 ng/100 ml. Al-
though there are some indications that :rndrogens accelerate the
maturation of the hypothalamus and consequently its pubertal
chenge th is  is  s t i l l  uncer te in.
This study has shown that it is possible to make a distinction be-
tween hypogonadotropic hypogonadism and delayed puberty using
a LH-RH infusion and LH-RH clomiphene-LH-RH test. It has also
shown tl.rat a (short) treatment with androgens in boys with delayed
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